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€9 Apparatus and method for stabillzing the frequency of a clock signal generated by an on-chip clock generator.

@ For generating from a system clock a high frequency T T L TR T TR TR
clock signal, the pulse generator has two consecutive delay -
lines (10al, 10a3) and additional evaluating circuitry
(10a4...10a12) to obtain the intermediate pulses in correct
timing relationship with respect to the oroginal system clock
pulses. Each of the consecutive system clock pulses
propagates through the first (10a1) and into the second
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(10a3) delay line whose tap outputs are latched (11...L4) as
delay indications when the next system clock pulse occurs.
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signals (SLOW, NORM, FAST) of which only one is active. ™"
®  The delay indicator signals and the tap output signals of the
’ first delay line are combined (10a9...10a12) to obtain an
intermediate pulse that has a time position exactly between
two consecutive system clock pulses.
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APPARATUS AND METHOD FOR STABILIZING THE FREQUENCY
OF A CLOCK SIGNAL GENERATED BY AN ON-CHIP CLOCK GENERATOR

The present invention pertains to improved on-chip
clock signal generation, and more particularly, to clock
signal generator circuitry for stabilizing the frequency
of the generated clock signal, and to a method for

generating a stabilized clock signal.

Some integrated circuit chips used in association
with modern day computing systems include a clock signal
generator circuit for generating a high frequency clock
signal in response to a system clock signal generated
from a source disposed external to the chip. The high
frequency clock signal is used to coordinate the function-
ing of various circuits disposed on the chip, such as a
processor circuit. The clock signal generator generates a
primary output pulse from each pulse of the system clock
that is received. However, the clock signal generator
also generates an intermediate pulse disposed between
each pair of primary pulses that are directly derived

from the system clock pulses.

Due to the particular characteristics of the clock
signal generator circuit, the frequency of the high
frequency clock signal is not fixed. The position of the
intermediate pulses within the high frequency clock
signal varies. The position of the primary pulses within
the high frequency clock signal does not vary since these
pulses are generated in response to the system clock.

Computing systems of the prior art are not as fast,
in terms of operating speed, as are modern day computing

systems. Consequently, the non-fixed frequency of the
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high fréqueﬁcy clock signal did not detrimentally affect
the performance of the prior art computing systems. How-
ever, due to their faster operating speeds, the non-fixed
freqﬁencyhaf the high frequency clock signal does detri-
mentally affect the performance of modern-day computing
systems. In éarticular, the operational performance of
the varioﬁs circuits on the chip, such as the processor
circuit, is detrimentally affected. Accordingly, an
apparatus within the clock signal generator circuit is
needed to stabilize the frequency of the high frequency

clock signal generated from the clock signal generator.

Accordingly, it is a primary object of the present
invention to provide an on-chip clock signal generator
which includes éircuitry for stabilizing the frequency of

a clock signal generated by the clock signal generator.

It is a further object of the present invention to
provide an on-chip clock signal generator which includes
circuitry for stabilizing the frequency of the clock sig-
nal genera%ed,.the circuitry stabilizing the frequency of
the clock signal by minimizing the variation in the posi-
tion of intermediate pulses comprised in the clock
signal.

These and other objects of the present invention are
accomplished by a clock signal generator and a clock

signal generation method as defined in the claims.

Further scope of applicability of the present inven-
tion will become apparent from the detailed description
presented hereinafter. It should be understood, however,
that the detéiled description and the specific examples,

while representing a preferred embodiment of the inven-
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tion, are given by way of illustration only, since
various changes and modifications within the spirit and
scope of the invention will become obvious to one skilled
in the art from a reading of the following detailed

description.

A full understanding of the present invention will
be obtained from the detailed description of the pre-
ferred embodiment presented hereinbelow, and the accom-
panying drawings, which are given by way of illustration
only and are not intended to be limitative of the present

invention, and wherein:

Figure 1 illustrates an integrated circuit chip including
a high frequency clock signal generator and a processor
circuit connected to the high frequency clock signal

generator;

Figures 2a and 2b illustrate a system clock signal and a
high frequency clock signal generated by the high frequen-

cy clock generator of Figure 1, respectively;

Figure 3 illustrates a prior art high frequency clock

generator;

Figure 4 illustrates the high frequency clock generator

in accordance with the present invention; and

Figure 5 illustrates the clock distribution circuitry of
Figure 4.

Referring to Figure 1, an integrated circuit chip 10

is illustrated. The chip 10 includes a high frequency
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clock generator 10a and a processor circuit 10b connected
to the output of the high frequency clock generator 10a.
The high frequency clock generator 10a receives a system
clock signal from a source external to the chip 10 and
generates a high frequency clock signal in response to
the system clock. The processor 10b receives the high
frequency clock signal and utilizes this signal to
perform its intended function.

Referring to Figure 2a, a typical system clock
signal 12 is illustrated. Referring to Figure 2b, a
typical high frequency clock signal 14 is also illus-
trated. The system clock of Figure 2a includes a first
éulse 12a,” a second pulse 12b, and a third pulse 12c. The
high freéuendy clock signal of Figure 2b also includes a
first pulse 14a, a second pulse 14b, and a third pulse
i14c. However, the high freguency clock signal further
includes an intermediate pulse 14d.

The ﬁigh frequency clock generator 10a of the prior
art, as shown in Figure 1, generated a high frequency
clock signal with a varying frequency. The frequency
varied because the position of the intermediate pulse 14d
within the high frequency clock signal 14 would not re-
main fixed. The intermediate pulse 14d would move from
its intended mid-point to a point located either to the
left or to the right of the mid-point, as indicated by
the arrows 14dl and 14d42. Consequently, the functioning
of the processor 10b on chip 10 was detrimentally affect-
ed.

Referring to Figure 3, a detailed construction of a
high frequency clock generator 10a of the prior art is
illustrated. The high frequency clock generator 10a of
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Figure 3 generates the high frequency clock signal 14
shown in Figure 2b, including the moving intermediate
pulse 14d which causes the frequency of the high fre-
guency clock signal 14 to vary. In Figure 3, the high
frequency clock generator comprises a plurality of AND
gates 10al connected together. The first AND gate 10al
receives the system clock signal 12 at one of its input
terminals and a high (binary 1) signal at its other input
terminal. The high (binary 1) signal is tied to the other
input terminal of each of the other AND gates 10al shown
in Figure 3. The output terminal of the first AND gate
10al is connected to the one input terminal of the second
AND gate 10al; the output terminal of the second AND gate
10al is connected to the one input terminal of the third
AND gate 10al; the output terminal of the third and
fourth AND gates 10al are connected to the one input
terminal of the fourth and fifth AND gates 10al, respect-
ively. The output terminal of the fifth AND gate 10al is
connected to one input terminal of an OR gate 10a2. The
other input terminal of the OR gate 10a2 is connected
directly to the system clock. The output signal generated
by the OR gate 10a2 represents the high frequency clock
signal 14 shown in Figure 2b.

In operation, the high frequency clock generator 10a
of the prior art shown in Figure 3, functions in the

following manner.

Each of the AND gates 10al represents a delay element
in that each AND gate 10al includes an inherent amount of
delay. However, the amount of delay inherent in an AND
gate 10al depends upon a variety of factors peculiar to

the AND gate. Suffice it to say, however, that the amount
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of delay for each AND gate 10al varies, from one point in
time to another.

wWhen the first pulse 12a of the system clock is
generated, the first pulse 12a is received by the other
input terminal of OR gate 10a2 and is propagated directly
therethrough thereby generating the first pulse 14a of
the high frequency clock signal. However, at the same
time, the first pulse 12a of the system clock is propagat-
ed through the plurality of AND gates 10al to the one
input terminal of the OR gate 1l0a2. Since the amount of
delay inherent in the AND gates' 10al varies, the first
pulse 12a may be received by the one input terminal of
the OR gate 10a2 at a nominal point in time or at an
earlier point in time or at a later point in time.
Therefore, when an intermediate pulse is generated, it
may or may not be generated by the OR gate 10a2 at a
point mid-way between the first pulse l4a and the second
pulse 14b of the high frequency clock signal. Utilizing
second and third pulses 12b, 14b, 12c¢, l4c of Figure 2a
and 2b, intermediate pulse 144 may be generated at a
nominal point in time or at an earlier point in time or
at a later pint in time, as indicated by arrows 1441 and
14d2. wWhen the second and third pulses 12b and 12c of the
system clock are received by the high frequency clock
generator 10a, they are propagated directly through the
OR gate 10a2 to the output of the high frequency clock
generator 10a yielding pulses 14b and 1l4c, that is, since
the other input terminal of the OR gate 10a2 is connected
directly to the source of the system clock, the second
and third pulses 14b and 14c of the high frequency clock
signal will be generated immediately in response to the
second and third pulses 12b and 12c of the system clock.

However, since the generation of the intermediate pulses
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148 of the high frequency clock signal is dependant upon
the characteristics of the delay elements (AND gates
10al) shown in Figure 3, the intermediate pulse 14d may
or may not be generated at a point which is mid-way
between the second pulse 14b and the third pulse 1l4c of
the high frequency clock signal 14. Therefore, the
frequency of the high frequency clock signal 14 is not
fixed with respect to the embodiment of the high frequen-
cy clock generator l0a shown in Figure 3. Therefore, the
functioning of the processor circuit 10b shown in Figure
1 may be detrimentally affected. In order to remedy this
deficiency, another embodiment of the high frequency

clock generator 10a shown in Figure 1 is required.

Referring to Figure 4, a high frequency clock signal
generator 1l0a, in accordance with the present invention,
is illustrated. In Figure 4, the plurality of AND gates
10al, as shown in Figure 3, is again illustrated. How-
ever, a second plurality of AND gates 10a3 is serially
connected to the output of the original plurality of AND
gates 10al. The original plurality of AND gates 10al may
be alternatively referred to as a preliminary delay line
and the second plurality of AND gates 10a3 may be alterna-
tively referred to as an additional delay line. For con-
venience of description, the AND gates 10al and 10a3 have
been numbered sequentially from 1 to 14. In Figure 4,
AND gates 1 through 14 are connected serially together.
One output terminal is disposed between AND gates 4 and 5
and is labelled PS. Another output terminal is disposed
between AND gates 5 and 6 and is labelled PN. Another
output terminal is disposed between AND gates 6 and 7 and
is labelled PF. With the exception of AND gate 14, the

output terminal of each AND gate is connected to one
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input terminal of the next sequentially connected AND
gate. The one input terminal of AND gate 1 is connected
to the system clock. The other input terminal of each AND
gate (1-14) is connected to a high (binary 1) input
signal source.

A plurality of latch circuits 10a4, consisting of
latches L1, L2, L3, and L4, are connected to the output
terminals of AND gates 8, 10, 12, and 14, respectively.
For example, the data terminal of a latch circuit Ll is
connected to the output terminal of AND gate 8. The data
terminal of a latch circuit L2 is connected to the output
terminal of AND gate 10. The data terminal of a latch
circuit L3 is connected to the output terminal of AND
gate 12. The data terminal of a latch circuit L4 is
connected to the output terminal of AND gate 14. The
clock terminals of latches L1, 1.2, L3, and L4 are connect-
ed to the system clock 12 via a clock distribution cir-
cuit 10a5. The output terminal of latch circuit L2 is
connected to one input terminal of an AND gate 10a6 via
an inverter 10a6(a). The output terminal of latch circuit
L1 is connected to the other input terminal of AND gate
i0a6. The output terminal of latch circuit L3 is connect-
ed to one input terminal of an AND gate 10a7 via an
inverter 10a7(a). The other input terminal of AND gate
10a7 is connected to the output terminal of latch circuit
L2. The output terminal of latch circuit L4 is connected
to one input terminal of an AND gate 10a8 via an inverter
10a8(a). The other input terminal of AND gate 10a8 is
connected to the output terminal of latch circuit L3. An
AND gate 10a9 includes one input terminal connected to
the PS output terminal and another input terminal connect-
ed to the output terminal of AND gate 10a6. An AND gate

10al0® includes one input terminal connected to the PN
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output terminal and another input terminal connected to
the output terminal of AND gate 10a7. An AND gate 10all
includes one input terminal connected to the PF output
terminal and another input terminal connected to the
output terminal of AND gate 10a8. The output terminals of-
AND gates 10a9, 10al0, and 10all are connected to respec-
tive input terminals of an OR gate 10al2. The output
terminal of OR gate 10al2 is connected to one input
terminal of OR gate 10a2. The other input terminal of OR
gate 10a2 is connected directly to the system clock. The
output terminal of OR gate 10a2 provides the high fre-
quency clock signal shown in Figure 2b; however, the
position of the intermediate pulses 14d in this clock
signal is more nearly fixed. Therefore, its frequency is

also more nearly fixed.

The clock distribution circuit 10a5 of Figure 4 is
illustrated again in Fiqgure 5 of the drawings. The clock
distribution circuit 10a5 receives a system clock pulse
and generates a plurality of pulses in response thereto,
each of which is approximately identical to the system
clock pulse which energized the clock distribution

circuit.

The functional operation of the high frequency clock
signal generator 10a, according to the present invention,
will be described in the paragraphs below with reference

to Figure 4 of the drawings.

In Figure 4, pulses 12a, 12b, and 12c of the system
clock are allowed to propagate through the chain of delay
elements consisting of a plurality of AND gates 10al and
10a3. As previously mentioned, each AND gate 10al and
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10a3 possesses a certain delay so that a signal propagat-
ing therethrough will be delayed by an amount correspond-
ing to the certain delay. However, the amount of delay
associated with each AND gate varies from one point in
time to another depending upon a variety of factors. In
Figure 4, it is assumed that the total delay associated
with the plurality of AND gates 10al and 10a3 is greater
than the cycle time (i.e. - the period) of the system
clock. For the purposes of this discussion, a half-cycle
deléy is desired, that is, it is desired that the interme-
diate pulses of the high frequency clock signal be
disposed at a mid-point between adjacent pulses of the
high frequency clock signal.

When the first pulse 12a of the system clock is
generated, the other input terminal of OR gate 10a2 is
energized and the first pulse 12a is propagated through
OR gate 10a2 representing the first pulse 14a of the high
frequency clock signal. When the second pulse 12b of the
system clock is generated, the other input terminal of OR
gate 10aZ is energized and the second pulse 12b is
propagated through OR gate 10a2 representing the second
pulse 14b of the high frequency clock signal.

Assume that the AND gates 10al and 10a3 are operat-
ing slowly, that is, a significant amount of delay is
attributable to each AND gate. The first pulse 12a of the
syétem clock begins to propagate through the chain of AND
gates 10al and 10a3. At some point in time during the
propagation of the first pulse 12a through the chain of
AND gates, the second pulse 12b of the system clock
begins to propagate through the chain of AND gates 10al
and 10a3.
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Utilizing the assumption that the AND gates 10al and
10a3 are operating slowly, the first pulse 12a of the
system clock may not yet have sufficiently propagated
through the chain of AND gates 10a3, but nevertheless if
may have energized already the data terminal of latch L1
of latches 10a4 simultaneously with the energization of
the clock terminal of latch L1 by the second pulse 12b of
the system clock. When this occurs, the output of latch
Ll will be high (binary 1). However, if the first pulse
12a of the system clock which is propagating through AND
gates 10a3 has not yet energized the data terminal of
latches L2, L3, and L4, the output of latches L2, L3, and
L4 is low (binary 0). Since the output of latch Ll is
high and the output of latch L2 is low, due to the
functioning of inverter 10a6(a), the output of AND gate
10a6 will be high but the outputs of AND gates 10a7 and
10a8 will be low. Consequently, the input terminal to AND
gate 10a9 marked "SLOW" will be high, but the input
terminals to AND gates 10al0 and 10all marked "NORM" and
"FAST" will be low. When the second pulse 12b of the
system clock, propagating through the chain of AND gates
10al, arrives at the output of AND gate 4 of AND gates
10al, the PS output terminal goes high (binary 1).
Therefore, the input terminal to AND gate 10a9 marked
"PS" will also be high. Because the input terminal to AND
gate 10a9 marked "SLOW" is also high, AND gate 10a9 will
develop an output signal; however, AND gates 10al0 and
10all will not be developing output signals. The output
signal from AND gate 10a9 will propagate through OR gates
10al2 and 10a2 representing an intermediate pulse 14d,
this intermediate pulse being disposed approximately
mid-way between the second pulse 12b of the system clock
and a third pulse 12c of the system clock. Even though
the AND gates 10al and 10a3 are operating slowly, causing
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an appreciable amount of delay for the intermediate pulse
as it propagates through the chain of AND gates 10al and
10a3, the position of latch circuit L1 near the front end
of AND gates 10a3 coupled with the early receipt of
output signal PS by AND gate 10a9 will cause the interme-
diate pulse 14d to be disposed near a mid-point between

the second pulse 12b and a third pulse 12c of the system
clock.

Assume that the AND gates 10al and 10a3 are operat;
ing fast, that is, a small aﬁount of delay is attribut-
able to each AND gate. The first pulse 12a of the system
clock begins to propagate rapidly through the chain of
AND gates 10al and 10a3. At some point in time during the
propagation of the first pulse 12a through the chain of
AND gates, the second pulse 12b of the system clock
begins to propagate rapidly through the chain of AND
gates 10al and 10a3.

Utilizing the assumption that the AND gates 10al and
10a3 are operating fast, the first pulse 12a of the
system élcckvmay have propagated through the greater
portion of the chain of AND gates 10a3, and thus may have
energized the data terminals of latches L1, L2, and L3
simultaneously with the energization of the clock termi-
nals of latches L1, L2, and L3, respectively, by the
second pulse 12b of the system clock, causing the outputs
of latches L1, L2, and L3 to go high (binary 1). If the
first pulse  12a has not yet propagated far enough through
the chain of AND gates 10a3 to energize the data terminal
of latch L4, the output of latches L1, L2, and L3 will be
high (binary 1) but the output of latch L4 will be low
(binary'ﬂ); Since the output of latches L1, L2, and L3
are high and the output of latch L4 is low, due to the
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functioning of inverter 10a8(a), the output of AND gate
10a8 will be high but the outputs of AND gates 10a6 and
10a7 will be low.

Consequently, the input terminal to AND gate 10all marked
"FAST" will be high, but the input terminals to AND gates
10a9 and 10al0 marked "SLOW" and "NORM" will be low.
Since the AND gates 10al are operating fast, the output
terminal "PF" will be high when the input terminal to AND
gate 10all marked "FAST" is also high. Therefore, AND
gate 10all will develop an output signal; however, AND
gates 10a9 and 10al0 will not be developing output
signals. The output signal from AND gate 10all will
propagate through OR gates 10al2 and 10a2 representing an
intermediate pulse 14d, this intermediate pulse being
disposed between the second pulse 12b of the system clock
and a third pulse 12c of the system clock. Even though
the AND gates 10al and 10a3 are operating fast, causing a
small amount of delay for the intermediate pulse as it
propagates through the chain of AND gates 10al and 10a3,
the position of latch cifcuit L4 near the back end of AND
gates 10a3 coupled with the late receipt of output signal
PF by AND gate 10all will cause the intermediate pulse
144 to be disposed near a mid-point between the second

pulse 12b and a third pulse 12c of the system clock.

This process will repeat itself with respect to the
intermediate pulse of the high frequency clock signal
disposed between the third and fourth pulses of the
system clock, with respect to the intermediate pulse
disposed between the fourth and fifth pulses of the
system clock, et cetera. Since the intermediate pulses of
the high frequency clock signal are disposed near a
mid-point between the adjacent pulses of the system

clock, the frequency of the high frequency clock signal
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is more nearly fixed. The functioning of the processor
circuit 10b and other circuits on the chip are not
detrimentally affected. Higher speed computing systems,
using this high frequency clock signal, will perform
effectively due to the fixed frequency of the clock
signal.
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CLATIMS

1. A clock signal generator for developing a clock
signal (14) in response to a system clock signal (12)
received from a system clock generating means, the system
clock signal including consecutive pulses (12a, 12b,

1l2¢c), characterized by

preliminary delay line means (10al) responsive to the
pulses of the system clock signal for developing output
signals (PS, PN, PF) indicative of the position of each
pulse in the preliminary delay line; and

means (10a3...10al2) connected to the preliminary delay
line means (10al) and responsive to the output signals
(PS, PN, PF) developed therefrom for stabilizing the
frequency of the clock signal (14) generated by the clock

signal generator.

2. The clock signal generator of claim 1 character-
ized in that

the clock signal (14) comprises a plurality of primary
pulses (l4a, 14b, 14c) generated immediately in respons-
ive to the pulses (12a, 12b, 12c) of the system clock
(12) and a plurality of additional intermediate pulses
(14d) disposed, respectively, between adjacent ones of

the plurality of primary pulses; and that

the means for stabilizing (10a3...10al2) minimizes the
variation in the position of the intermediate pulses
(14d) disposed intermediate adjacent primary pulses (1l4b,

l4c) of the clock signal.
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3. The clock signal generator of claim 2, character-
ized in that the means for stabilizing (10a3...10al2)

comprises:

additional delay line means (10a3) connected serially to

said preliminary delay line means (10al),

position determining means (10a4...10a8) connected to
said additional delay line means for determining the
position, within the additional delay line means, of the
first pulse (12a) of each triple of system clock pulses
{12a, 12b, 12c) and for generating output signals indica-
tive of said position,

intermediate pulse generating means (10a9...10al2)
responsive to the output signals from the preliminary
delay line means (10al), which output signals are indica-
tive of the position, within the preliminary delay line
means, of the second pulse (12b) of each triple of system
clock pulses (12a, 12b, 12c), and to the output signals
from the position determining means, for generating an
intermediate pulse (l4e) in response thereto, the interme-
diate pulse being generated at a point in time approxima-
tely mid-way between the second (12b) and the third (12c)
of each triple system clock pulses.

4. The clock signal generator of claim 3, further
characterized by

receiving means {(10a2) connected to the intermediate
pulse generating (10a9...10al2) means and to the system
clock generating means for receiving the pulses (12a,
12b, 12c¢) of the system clock from the system clock
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generating means and for generating primary pulses (l4a,
14b, 14c) of the clock signal in response thereto, the
receiving means receiving each intermediate pulse from
the intermediate pulse generating means and generating
intermediate pulses of the clock signal in response
thereto,

whereby each intermediate pulse of the clock signal is
positioned approximately mid-way between the primary
pulses of the clock signal thereby fixing the frequency
of the clock signal being generated by the clock signal
generator. '

5. Method for generating a stabilized clock signal
from a system clock signal by inserting intermediate
pulses between the original system clock signal pulses,
characterized by the steps of:

- feeding the original system clock signal pulses to a

two-part delay chain;

- deriving from tap output signals of the second part of
the delay chain signals (SLOW, NORM, FAST) indicative of
the relative delay of a first pulse (12a) of each pair
(12a, 12b) of consecutive system clock signal pulses;

- obtaining as tap outpuﬁ signals of the first part of
the delay chain auxiliary signals (PS, PN, PF) represent-
ing, in various delayed time positions, a second pulse

(12b) of each pair of system clock pulses;
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- selecting one of the auxiliary signals (PS, PN, PF) in
response to the indicative signals as an intermediate

clock signal; and

- combining the original system clock signal pulses and
the generated intermediate clock signal pulses to obtain

the desired stabilized clock signal.

6. The method of claim 5, further characterized in
that the step of deriving indicative signals (SLOW, NORM,
FAST) comprises the steps of:

- latching selected tap output signals of the second part
of the delay chain in response to the occurrence of each
original pulse (12b} of the system clock signal to obtain
an indication of how far a preceding system clock signal

pulse (12a) has propagated through the delay chain; and

- evaluating the latched signals to obtain the signals
(SLOW, NORM, FPAST) indicative of the relative delay of
said preceding pulse (12a) in the delay chain.
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